W hite clover, Trifolium repens L., is an allotetraploid (2n = 4x = 32) legume that is believed to have resulted from the hybridization of T. occidentale Coombe (Ellison et al., 2006) and a second, currently unknown Trifolium species (Hand et al., 2008) . Pollination in this species is controlled by a gametophytic self-incompatibility system that Atwood (1942) determined was regulated by a single locus with many diff erent alleles, including a rare allele that confers self-compatibility (Sf ). Due to the tetraploid genome and outcrossing nature of the species, white clover is highly heterozygous.
W hite clover, Trifolium repens L., is an allotetraploid (2n = 4x = 32) legume that is believed to have resulted from the hybridization of T. occidentale Coombe (Ellison et al., 2006) and a second, currently unknown Trifolium species (Hand et al., 2008) . Pollination in this species is controlled by a gametophytic self-incompatibility system that Atwood (1942) determined was regulated by a single locus with many diff erent alleles, including a rare allele that confers self-compatibility (Sf ). Due to the tetraploid genome and outcrossing nature of the species, white clover is highly heterozygous.
There are many diff erent leaf marks and other morphological traits found within white clover, many of which have been the subject of genetic studies. For consistency, the original genetic nomenclature has been maintained for each trait, but the notation has been modernized to that of Quesenberry et al. (1991) . The lack of leaf mark ( Fig. 1a) is recessive to the presence of all leaf marks (Brewbaker, 1955; Carnahan et al., 1955) . The most common leaf mark is the multiallelic white V mark (gene symbol V; Fig. 1b ) on the upper epidermis of each leafl et (Brewbaker, 1955) . This trait is highly variable, with a range of marks from a single V mark to a V mark with a yellow tip (Vby; Fig. 1c ). The marginal
Leaf Trait Coloration in White Clover and Molecular Mapping of the Red Midrib and Leafl et Number Traits
Rebecca M. Tashiro, Yuanhong Han, María J. Monteros, Joseph H. Bouton, and Wayne A. Parrott*
ABSTRACT
White clover (Trifolium repens L.) is a highly outcrossing heterozygous allotetraploid species, for which classic inheritance studies have been inconclusive. With the aid of molecular markers, it is now possible to study the genes controlling morphological traits. The objectives of this study were to catalog the leaf marks in white clover and map the location of leaf morphological traits based on cosegregation with molecular markers. A mapping population segregating for eight morphological traits consisting of leaf marks and number of leafl ets was developed and phenotyped at two different locations during the summer and winter seasons. A confi rmation population, derived by selfi ng one of the mapping population parents, was produced and phenotyped in one location at two different times of the year. Through the use of previously published simple sequence repeat (SSR) marker maps, linkages between the mapped molecular markers and genes for three different morphological traits was identifi ed. The red midrib and red fl eck traits were found to be controlled by two closely linked dominant genes on linkage group (LG) B1. The trifoliolate trait is controlled by at least one gene on LG H1. The identifi cation of molecular markers linked to loci affecting leaf morphology traits resolves confl icting hypotheses on the genetics of these complex traits and has potential for molecular breeding improvement of white clover.
mark (Vm; Fig. 1d ) (Lenoble and Papineau, 1970 ) is rarely seen in naturalized populations. Other leaf marks found in white clover contain anthocyanin pigments. Some examples are the redspot leaf mark (Vr2; Fig. 1e ) (Hovin and Gibson, 1961) , red leafl et mark (Vrl; Fig. 1f ) (Corkill, 1971) , red midrib mark (Rm; Fig.  1g ) (Carnahan et al., 1955; Corkill, 1971) , red leaf mark (Rl; Fig. 1h ) (Carnahan et al., 1955; Corkill, 1971) , and red fl eck mark (Rf; Fig. 1i ) (Carnahan et al., 1955) . The identifi cation of these leaf marks is based on somewhat vague written descriptions in the literature and on a black and white photograph published by Corkill (1971) . Both the descriptions and the photograph are inadequate to properly identify these marks.
Although it is agreed that all leaf marks described above are dominant traits, there is disagreement regarding the genetic control of these traits. Carnahan et al. (1955) and Brewbaker (1955) concluded that the presence of the various leaf marks is controlled by one of two diff erent genes (V and R) that each contain multiple alleles, such that Rm, Rl, and Rf would all be diff erent alleles of the R locus. In contrast, Corkill (1971) observed low recombination frequencies between the leaf marks within each locus and concluded accordingly that the R and V loci each consist of a series of tightly linked genes. Thus, under the Corkill hypothesis, Rm, Rl, and Rf represent linked (but diff erent) loci, collectively known as the R locus.
Clover leaves diff er not only in their leaf marks but also in their number of leafl ets. White clover typically has trifoliolate leaves ( Fig. 2a) , but multifoliolate (greater than three leafl ets per leaf ) genotypes exist within naturalized populations. The multifoliolate leaves of white clover are traditionally collected as good luck charms, with the four-leaf clover (Fig. 2b ) recognized worldwide as a symbol of good fortune. When this trait is combined with a mutant elongated petiolule, the leaf morphology is altered from palmate to pinnate (Fig. 2c) . Despite the popularity of the four-leafl et trait in clover, it has not been possible to determine its genetic control. Ford and Claydon (1996) determined that the trait was mostly recessive but were not able to observe any Mendelian segregation in the progeny. Thus, the information available on the genetic control of the multifoliolate trait is limited to that available from other Trifolium species. Knight (1969) studied the multifoliolate trait in crimson clover (T. incarnatum L.) and found that there were two types of multifoliolate leaves: one that was strongly infl uenced by environmental variation and one that was not. The environmentally conditioned multifoliolate trait inheritance could not be determined, but the non-environmentally controlled multifoliolate trait was found to be a single gene recessive trait (Knight, 1969) . In red clover (T. pratense L.), the multifoliolate trait was fi rst studied by Simon (1962) , who determined it was conditioned by homozygous recessive alleles at one of two loci.
Also studying red clover, Jaranowski and Broda (1978) determined that the multifoliolate trait was controlled by homozygous recessive alleles at three loci, and Taylor (1982) determined it was a quantitative recessive trait.
White clover genetics are complicated by allotetraploidy, extensive heterozygosity, and a highly outcrossing reproductive system. Therefore, homozygous lines are not available for inheritance studies. Furthermore, many of the morphological traits under study are highly infl uenced by environment. For example, many of the traits containing anthocyanin are best observed at temperatures below 10°C (Carnahan et al., 1955) . As a result, some traits such as the red leafl et (Vrl) trait are not visible in the summer (Davies, 1963) . In addition, the multifoliolate trait in white clover was found to be environmentally conditioned in a germplasm source registered by Baltensperger et al. (1991) , which supports Knight's (1969) observations in crimson clover. By looking at these traits at the molecular level, the environmental eff ects on each trait can be separated from the gene itself. As such, mapping morphological traits found in white clover with molecular markers may be a more eff ective way to determine the inheritance of these traits, many of which have been studied for nearly a century without satisfactory conclusions.
The development of white clover genetic maps based on molecular markers (Barrett et al., 2004; Jones et al., 2003; Zhang et al., 2007) has allowed some important agronomic traits to be mapped (Barrett et al., 2005a, b; Cogan et al., 2006) and macrosynteny between white clover linkage groups (LGs) and chromosomes of the model legume Medicago truncatula Gaertn. to be determined (George et al., 2008) . In the 2004 white clover simple sequence repeat (SSR) map, the red fl eck mark (Rf ) was mapped as the R locus onto LG B1 (Barrett et al., 2004) . The parents used to create the mapping population in that study were forage genotypes and, as such, had limited morphological diversity for additional leaf marks.
The objectives of the research described here were to inventory the leaf marks expressed in white clover (many of which are shown in Fig. 1 ) and map the location of genes for leaf morphological traits based on cosegregation with molecular markers from an existing white clover linkage map.
MATERIALS AND METHODS

Plant Materials
Two phenotypically distinct white clover genotypes were used as parents to develop a mapping population (Fig. 3) . One parent, GA02-56 (hereafter referred to as GA43 in keeping with its name in the literature), is an agronomic genotype out of the cultivar 'Durana' (Bouton et al., 2005 ) that was also used as a parent for construction of the genetic map of Zhang et al. (2007) . This genotype has trifoliolate green leaves, the intermediate white V mark (Vi), and the red fl eck leaf mark (Rf ). The second genotype, 05-O-34, contains several traits of ornamental value (Tashiro et al., 2009 ). This genotype has multifoliolate leaves, the . Different leaf marks found in white clover. The gene symbols are as originally proposed by the authors that described them, but the notation has been modernized as described by Quesenberry et al. (1991) . marginal mark (Vm), red leafl et (Vrl), red midrib (Rm), and red fl eck (Rf ) leaf marks. This genotype is also self-compatible (Sf ). A reciprocal pseudo-testcross mapping population (Grattapaglia and Sederoff , 1994) was made consisting of 178 F 1 's resulting from reciprocal crosses between the two parents. Due to the selfcompatibility present in 05-O-34, the F 1 progeny derived from its seed were tested for hybridity by using 40 SSR marker primers. Only those individuals that had markers derived from both parents were used in the mapping population. Individuals that were the result of selfi ng were incorporated into a confi rmation population that was developed by selfi ng the 05-O-34 parent, resulting in a total of 141 individuals.
Morphological Trait Evaluation
The 178 individuals in the mapping population were grown in 12-cm pots using potting mix made up of equal parts Fafard #3 potting soil (Conrad Fafard, Inc., Agawam, MA), river sand, and farm soil [Cecil sandy clay loam (clayey, kaolinitic, thermic, Typic Kanhapludults)] and grown in a University of Georgia greenhouse until the foliage from each individual had fi lled out the pot. Each individual was scored for the presence and/or absence of each morphological trait in the greenhouse on 22 Aug. 2007 and 29 Mar. 2008 (Table 1) . For leafl et number, individuals were scored as either being trifoliolate or multifoliolate. An individual with at least one multifoliolate leaf on the evaluation date was scored as multifoliolate. The 141 individuals that were obtained by selfi ng the 05-O-34 parent were grown as described above, scored for each trait in the greenhouse on 12 Aug. 2008 and 31 Mar. 2009 (Table 1) , and used for confi rmation of mapped traits and hypothetical genotypes.
Cuttings of both parents and each individual in the mapping population were obtained and used for replicated fi eld trials. Rooted cuttings of both parents and 140 individuals in which 05-O-34 was the maternal parent were planted at the University of Georgia Plant Sciences Farm (Oconee County, GA) in Cecil sandy clay loam (clayey, kaolinitic, thermic, Typic Kanhapludults) soil with a pH of 5.9. Of these 140 individuals, 89 were used for trait mapping. The ramets were planted on 75-cm centers in a randomized complete block design, with four blocks of each genotype, on 6 Dec. 2007. Rooted cuttings of both parents and 89 individuals in which GA43 was the maternal parent were planted at the Plant Sciences Farm on 18 Apr. 2008 with the same experimental design as described above. Morphological data for each individual in each block were scored for each trait on 2 July 2008 (Table 1 ). Individuals for which 05-O-34 was the maternal parent (89) were also scored on 26 Mar. 2008, and those for which GA43 was the maternal parent (89) were scored on 19 Mar. 2009 (Table 1) .
SSR Amplifi cation and Amplicon Detection
DNA was extracted from young leaves of both parents and each genotype in the mapping population using the Plant DNeasy Mini Kit (Qiagen, Valencia, CA). DNA quantifi cation for each sample was performed using a TBS-100 mini-fl uorometer (Turner Biosystems, Sunnyvale, CA). After quantifi cation, each sample was diluted to 10 ng μL -l and treated with 0.05 U Longlife RNase (G Biosciences, Maryland Heights, MO). From the original 343 primer pairs used by Zhang et al. (2007) to create their linkage map, 96 were selected based on their even distribution in the diff erent LGs and screened for polymorphism between the two parents of the current mapping population.
A total of 78 primer pairs (81%) were polymorphic, which translates to a marker spacing of around 20 cM, with between 3 and 6 SSR markers per LG. Fluorescently labeled SSR fragments were amplifi ed as described by Zhang et al. (2007) using either 96-or 384-well polymerase chain reaction (PCR) plates, with the exception of the source of the PCR reagents, which were obtained from Promega (Madison, WI). After PCR, plates with diff erent fl uorescent tags were pooled together for fragment analysis using the ABI PRISM 3730 Genetic Analyzer (Applied Biosystems, Foster City, CA) also as described by Zhang et al. (2007) . Simple sequence repeat fragments were visually scored with GeneMapper 3.7 or 4.0 software (Applied Biosystems, Foster City, CA) as dominant markers as described by Zhang et al. (2007) . Once the initial LGs were drawn as described below, an additional 48 primer pairs selected from the LGs of interest were screened for polymorphisms between the mapping population parents. From the 48 additional primer pairs evaluated, 41 (85%) of them were polymorphic. Twentyfour of the 41 polymorphic primer pairs were selected based on the number and quality of alleles scored in the parents and used to screen the mapping population as described above. The additional scored alleles were then added to the previously screened marker and phenotypic data to develop LGs with enhanced marker saturation. Markers found to be linked to phenotypic data in the mapping population were screened as described above in the confi rmation population.
Linkage Map Development
Linkage maps were developed using the Kosambi mapping function of JoinMap 3.0 (Van Ooijen and Voorrips, 2001 ) and drawn using MapChart 2.2 (Voorrips, 2002) with each locus coordinate rounded to the nearest whole number. Simple sequence repeat fragments that segregated in a 1:1 ratio in the mapping population were used to create single-parent LGs for each parent as described by Zhang et al. (2007) . Consensus maps for LG B1 were developed using bridging loci as described by Barrett et al. (2004) . The leaf morphology traits in white clover leaves are either present or absent and therefore were mapped as qualitative traits. All the traits except red fl eck leaf mark (Rf ) are present only in the ornamental parent and were coded as np × nn as per software instructions for markers segregating in the fi rst parent. Because the red fl eck leaf mark (Rf ) is present in both mapping parents and segregating in the mapping population, it was coded as hk × hk as per software instructions for markers segregating in both parents. In an eff ort to reduce the eff ects of genotype × environment interaction on morphological trait expression in white clover, data for the traits were collected and analyzed by the diff erent date and location combinations separately. When mapping the morphological traits, those showing no obvious environmental infl uence were pooled and the data were mapped as a single dominant trait. The traits showing strong environmental eff ects were mapped separately based on each individual date (summer and winter) and location (fi eld or greenhouse) combination. After initial linkage map development, the additional marker data were added to the original data and linkage maps were created as described above with a logarithm of the odds (LOD) score ≥ 5.0.
In the confi rmation population that was developed by selfing of parent 05-O-34, segregating markers were used to create LGs using the F 2 population type in JoinMap 3.0. As in the mapping population, each phenotypic marker was either pooled or mapped individually based on evaluation date and location. Linkage maps were created as described above based on an LOD score ≥ 5.0.
RESULTS
During phenotypic evaluations of the mapping and confi rmation populations it was noted that, while the red fl eck (Rf ) trait was observed by itself, whenever the red midrib (Rm) trait was present, the red fl eck trait was always also present. Since the inheritance of R locus traits in white clover was unclear, the two R locus traits evaluated in this study were tested using both the Carnahan et al. (1955) single-gene hypothesis and the Corkill (1971) linked-gene hypothesis. In both populations, the inheritance data for the two traits controlled by the R locus, red midrib (Rm) and red fl eck (Rf ), failed to conform to a model in which a single gene controls both phenotypic characters (data not shown). Instead, the two traits were found to be controlled by dominant alleles at two diff erent genes which seem to be simply inherited and tightly linked (r = 0.23%) based on frequency of recombination (Fehr, 1987) for the two genes in the confi rmation population (Table 1) . Expression of the red midrib (Rm) trait was stable across all environments, with the exception of two genotypes in the mapping population (Table 2 ). Since this was most likely due to scoring error, the two genotypes were scored as missing data for this trait. Expression of the red fl eck (Rf ) trait was also relatively stable across most environments, except during the summer greenhouse data collection period, when expression was signifi cantly lower (Table 3) . Data for this trait fi t a single gene model when p ≥ 0.05 across all environments, except in the case of summer evaluations of the mapping population in the greenhouse but did not fi t a single gene model when p ≥ 0.1 for half of the environments. Therefore, there is less confi dence about a single gene inheritance model for the red fl eck (Rf ) trait than there is for the red midrib (Rm) trait. Future studies in controlled environments should determine whether the growth temperature is causing the variation in segregation between the crossed population and the selfed population. In an outcrossing species such as white clover, it is common to see skewed segregation patterns (Barrett et al., 2005a) . The outcrossing nature of white clover could also explain the fewer-thanexpected recessive genotypes and the increase in heterozygotes observed in the selfed population.
The gene conditioning the red midrib (Rm) trait is linked to markers segregating in the ornamental parent on what corresponds to LG B1 (Fig. 4a ) of the map described by Zhang et al. (2007) . Phenotypic data for this trait were pooled for mapping due to their high penetrance within the population. Since the red fl eck (Rf ) trait is segregating in the mapping population but inherited from both the ornamental and forage parents, this trait was mapped by creating a consensus linkage map with markers segregating in both parents (Fig. 4b) . The gene conditioning the red fl eck (Rf ) trait is also linked to markers segregating on LG B1.
The data for both red midrib (Rm) and red fl eck (Rf ) traits were each originally mapped separately based on date and location. The separate data for each trait mapped to a similar location on the same LG (data not shown). Since the phenotypic data for the red fl eck trait mapped so closely on the same LG, the data were pooled and the linkage map recreated. The pooled red fl eck (Rf ) trait data mapped 1 cM above the red midrib (Rm) trait data on LG B1 of the consensus map (Fig. 4b) . The two traits are fl anked on either side by molecular markers ats041 and RCS3084. In the confi rmation population, both traits also mapped to LG B1, with both traits mapping to the same location on the LG (Fig. 4c) . In the confi rmation population, the two traits are fl anked on each side by molecular markers BG232 and ats099. In both cases, the morphological traits were mapped to the interval fl anked by the common markers ats075 and ats099.
The phenotypic data for leafl et number in both populations showed strong environmental infl uence. Therefore, Frequencies of the white clover leaf marks observed within the F 1 mapping population (reciprocal pseudo-testcross  between 05-O-34 × GA43) and the S 1 confi rmation population (selfi ng of ornamental parent 05-O-34 red midrib (Rm; Fig. 1g) trait within the F 1 mapping population (reciprocal pseudotestcross between 05-O-34 × GA43) and the S 1 confi rmation population (selfi ng of ornamental parent 05-O-34) . Chi-squared (χ 2 ) goodness-of fi t test for separate gene hypothesis based on assumed genotypes of the mapping population parents. Corkill (1971) . ‡ During the winter fi eld phenotyping, 20 plants had died in all blocks in the fi eld, so the chi-square values were tested against a population of 158 instead of 178. Table 3 . Segregation of the white clover red fl eck (Rf; Fig. 1i) Corkill (1971) . ‡ During the winter fi eld phenotyping, 20 plants had died in all blocks in the fi eld, so the chi-square values were tested against a population of 158 instead of 178. the data from each collection date and location were mapped separately. While attempting to map the gene(s) controlling multifoliolate expression, which is believed to be a recessive trait, the data did not segregate with any markers from the ornamental parent. In contrast, when the dominant trifoliolate trait data were used to map the gene(s), they segregated with markers inherited from the agronomic parent. The gene(s) responsible for trifoliolate leaves (Fig. 5 ) is linked to molecular markers segregating in the GA43 parent on what corresponds to LG H1 of the map described by Zhang et al. (2007) . Although the gene(s) controlling the trifoliolate trait always maps to the same LG, the data collected in the winter and in the summer map to locations 30 cM apart (Fig. 5) . Within the winter phenotypes, the data collected in both the greenhouse and the fi eld map to locations 19 cM apart. Molecular marker RCS2681 maps to the same location as the winter fi eld data. Simple sequence repeat marker TRSSRA02C02 maps 2 cM above the winter greenhouse data. Summer data from the greenhouse maps 28 cM away from data collected in the fi eld. Although molecular markers distributed throughout all white clover LGs were evaluated, the density of markers in some LGs was too low and therefore insuffi cient to detect marker-trait linkages for all of the traits segregating in the mapping population. The red leafl et (Vrl) trait, which was only visible during the winter evaluations, failed to segregate with any of the molecular markers used in this study. Likewise, the marginal mark (Vm) and the intermediate white V mark (Vi), although visible during all collection dates, did not segregate with any of the molecular markers evaluated.
DISCUSSION
Before this study, only one white clover morphological trait had been placed on the white clover linkage map, namely the R locus on LG B1 (Barrett et al., 2004) . The results from this study made it possible to refi ne the location reported by Barrett et al. (2004) , to map two additional traits, and to conclusively determine the nature of the R locus. The use of molecular markers permitted the development of both single-parent and consensus maps for assignment of these trait-specifi c genes and to overcome the historic diffi culties associated with mapping traits in heterozygous genotypes.
Mapping of separate genes for red fl eck (Rf ) and red midrib (Rm) in the same population made it possible to clarify the confusion that has been associated with the genetic control of these traits. Barrett et al. (2004) followed the Carnahan et al. (1955) premise that red leaf marks are conditioned by a single gene, named R, with all of the diff erent morphotypes due to diff erent alleles of that gene. The R locus mapped by Barrett et al. (2004) is actually the red fl eck (Rf ) trait, as determined by their description of this phenotypic trait.
In this study, the two dominant alleles of the genes that control red fl eck and red midrib expression, Rf and Rm, are linked in coupling phase in the ornamental parent, which explains the observation that all individuals with red midrib leaf mark also possess the red fl eck leaf mark. In the forage parent, the dominant red fl eck leaf mark allele (Rf ) and the recessive red midrib leaf mark allele (rm) are also in coupling linkage, resulting in individuals with the red fl eck trait but without red midrib leaf mark in the mapping population. The diff erences in linkage between the two traits between the two populations are therefore a result of the diff erence in the parental genotypes used to develop the two populations. The distinct mapping of both traits, in conjunction with the inheritance data, confi rms Corkill's (1971) assertion that the R locus actually comprises a series of linked genes.
With the mapping of the trifoliolate leaf trait, the location of at least one gene responsible for leafl et number in the species has been discovered and highlights the complexity of this trait. The popular multifoliolate trait in white clover is controlled by a recessive gene(s), and its expression is also strongly infl uenced by the environment. As such, the data for the trifoliolate trait were mapped separately. The trifoliolate trait segregated with molecular markers located on LG H1 of the map described by Zhang et al. (2007) . The diff erence in mapping location of this trait between summer and winter evaluation dates is likely due to the environmental eff ect on multifoliolate expression but may also be an artifact of the population size and the low marker density or it might mean that diff erent loci control leafl et number in the summer and winter.
Because the basal species of Trifolium often have pentafoliolate leaves (Ellison et al., 2006; Zohary and Heller, 1984) , it is believed that the genus Trifolium originated from multifoliolate ancestors and that the number of leaflets was reduced during evolutionary time (Eames, 1961; Jaranowski and Broda, 1978; Zohary and Heller, 1984) . The presence of a dominant locus that inhibits the expression of multifoliolate leaves, leading to trifoliolate leaves in white clover, supports the premise that leafl et number suppressors in the Fabaceae in general, and Trifolium in particular, resulted in lower leafl et number (Eames, 1961; Zohary and Heller, 1984) . There is another trait which sometimes appears in white clover populations in which the petiolule of the middle leafl et is elongated. It was noted in this study that whenever the multifoliolate trait and the elongated petiolule were expressed together, the resulting leaves were frequently pinnately compound (Fig.  2c ) rather than palmately compound (Fig. 2b) . These multifoliolate pinnate leaves bear an even greater resemblance to the typical leaf morphology of legumes (Eames, 1961) .
As more molecular markers become available in white clover and the LGs become more saturated, it should be possible to map the other morphological traits described here and further clarify the inheritance of these traits. During the development of their molecular map, Zhang et al. (2007) showed that SSR markers from related legume species could be successfully utilized as markers in white clover. Accordingly, the complete sequencing of the closely related (George et al., 2008) reference species Medicago truncatula Gaertn. genome (www.medicago.org; verifi ed 24 Mar. 2010) will facilitate the development of additional molecular marker resources and comparative mapping eff orts that may be useful to identify the gene(s) responsible for the observed variation in many ornamental and agronomic traits within white clover populations.
In summary, the advent of molecular marker-based maps for white clover means that the tools are fi nally in place to start addressing long-standing questions on clover genetics and evolution. It was possible to identify the location of two new morphological traits utilizing molecular markers from previously published linkage maps in white clover. The successful mapping of the red midrib trait in a population that also contains the previously mapped red fl eck trait resolves the confl icting hypotheses of earlier researchers studying R locus inheritance in white clover. The successful mapping of at least one gene responsible for trifoliolate leafl et number in the species highlights its complexity and brings white clover breeders and researchers one step closer to unlocking the genetic mechanisms behind multiple leafl et expression in white clover and fi xing this trait for breeding purposes.
